This study investigated the factors which affect the single-line Chinese text reading efficiency on a visual display terminal (VDT) screen and in the end has given a reasonable suggestion. The efficiency of reading is dependent on how ergonomically the visual information is presented. A great quantity of investigations have shown that font size characteristics could affect readability. A detailed research of the influences of font size and space on efficiency for reading single Chinese information on a VDT screen has been carried out on young adults in this study, and reading speed as well as accuracy were used as two evaluation indicators to appraise reading efficiency. First, the calculation formula is obtained and the best range of Chinese font size and space is determined in a fixed reading distance under the VDT reading environment according to the classic theory of ergonomics. Then, Microsoft Word is used to assign a quantitative value to font size and space. Four sizes of fonts were used: 9, 10.5, 12 and 14 point, and all fonts were presented in 1, 2, 3 and 4 point spaces. In order to obtain simple and effective experimental combinations to reflect the results, an orthogonal experimental method is applied to design the experiment. Finally, the synchronous device is connected, and relevant data about reading time and accuracy is obtained by a record in E-prime 2.0 software. It shows, by statistical analysis, that the best combination for efficiently reading single Chinese information on a computer screen is 12 point font size and 2 point space. Furthermore, through further analysis, the best viewing angle is determined to be 21'. The outcome of this study will help as a guideline to all PC users, web page designers, information tips in public places so that readers can more easily grasp information accurately and rapidly.
INTRODUCTION
Reading is a common daily activity for most, but is a highly complex perceptual and cognitive process. During reading we firstly take in visual information, and then transfer this information into words and finally construct meaning from what is read (Banerjee and Moushum, 2011) .
With the development of society and technology, we are experiencing a rapid shifting of media from the printed paper to the computer screen. Now, reading text from a computer screen or other VDT screens has become a very common activity in our daily lives. At the same time, this transition changes the way we read and understand a text.
A series of comparative studies have been conducted to discuss the difference between electronic reading and paper reading by relevant scholars. In these studies, users' preferred view area and visual field, brightness, and background color were used as influencing factors to contrast these two reading behaviors, using the time it takes to finish reading tasks and answer questions as objective indexes. Other subjective indexes were also used, such as degree of comfort, fatigue level,sensing efficiency and overall satisfaction to evaluate reading efficiency (Siegenthaler et al., 2011; Li et al., 2012) .The results showed that the two kinds of reading behavior are very similar, and electronic reading behavior can even provide better legibility in some cases. For students, the test scores of reading printed text are higher than reading electronic text when they are doing a reading comprehension task (Mangen et al., 2013) , and under a time limited reading environment, the way that text is expressed has a significant impact on the reading efficiency. Reading comfort and reading efficiency with the printed text are both higher than electronic text (Sun and Xiao, 2006) .But electronic reading as a kind of reading behavior which has already become part our daily lives, as much of VDT reading appearsfrequently, such as e-books, the modern office environment, electronic files and the Internet communication behavior such as e-mail and various kinds of social networking platforms. Therefore, it has a very important social significance to research the influence factors of electronic reading behavior and how to best improve reading efficiency.
The efficiency of reading is dependent on how ergonomically the visual information is presented like letter type, composition type, color, brightness, contrast, etc. It also depends on some external environmental factors, such as viewing distance, environmental lighting, workplace conditions, types of display, screen resolution, etc. These factors more or less affect reading efficiency in proportion.
With the wide spread of electronic reading, there is a rich history of research regarding the questions of VDT reading behavior. In the study of fatigue, it showed that VDT reading tasks could cause a mental load to readers, which reduced reading efficiency and led to accessing wrong information. The promotion of reading efficiency means that it could ease this mental load to a certain degree (Wu, 2006; Lee et al., 2011) . Varying degrees of visual fatigue as a result of electronic reading was also considered which affected reading efficiency, including various types of light and reading tasks (Lin et al., 2008; Chang et al., 2013) . Cognitive psychology research showed that Chinese character recognition has a certain effect from the number of strokes in a character, as well as font size and line spacing affecting reading efficiency. (Lian et al., 2008; Jun et al., 2011) Additionally, different font sizes also have a certain influence on perceptual span and eye patterns to Chinese readers (. Inaddition, the size of the computer screen, composition type, color combinations and rolling speed all have different degrees of influence on reading efficiency (Wang and Chen, 2003; Nai et al., 2011; Shieh and Lee, 2007) . With the purpose of providing a design basis for web page text designing, Iztok Humar et al. discussed in particular the influence of common colour combination and polarity color combination for web text readability (Humar et al., 2008; Ling and Schaik, 2002; Lin and Huang, 2009; Buchner et al., 2009) . Analysis showed that high contrast text and background color result in faster search and more positive evaluation. Chan A H discovered that the interaction effect of font size and line space has a significant effect on check time and detection rate. Sentence length and font size has prominent impacts on rolling volume, but they have no interaction effect when conducting a text proofreading work of Chinese characters (Chan et al., 2014) . However,in addition to the multi-line reading, it is very common to read single-line text in the act of electronic reading, for example, information cues in public, operating tips on self-help equipment, operating hints in special working conditions, etc. Research on the influencing factors for these short single-line text messages is scant at present. Therefore,a study for identifying the influential factors of screen reading single-line text and improving efficiency is very much needed.
In the method aspect, most of the studies are conducted on the basis of experiments, with various kinds of evaluation indexes to estimate reading efficiency. E Wästlund used both psychological and physiological indexes, such as the PANAS test of positive and negative effect, stress levels, tiredness and hunger test (Wästlund et al., 2005) . Other physiological indexes like eye movement index (eye-blink rate and eye fixation) (Cardona et al, 2014; Takeda et al., 2001 ) and brain electrical index (Murata et al, 2005) were also used to study electronic reading behavior. In terms of performance, researchers used reading speed and accuracy to evaluate reading efficiency (Kochurova et al., 2015; Mayes et al., 2001; Ling and Schaik, 2002) . In addition to the objective evaluation index, many subjective evaluation indexes had been widely used, such as subjective preferences and subjective satisfaction (Ling and Schaik, 2002; Wu et al., 2007) . Furthermore, viewing distance acted as an evaluation index to measure the effect of different color combinations on reading efficiency (K and Chen, 1997) .
In summary, the use of VDT reading is becoming increasingly wide-spread. Previous research mentioned above compares the influence on reading efficiency between two kinds of reading behaviors; i.e., reading a paper display and reading an electronic display. The research also discusses the various influencing factors and their interaction effect on electronic reading efficiency by using different evaluation indexes. However, studies about reading single-line text on a VDT screen are rare. This study, based on the theory of Ergonomics (Lan, 2005) and Cognitive Psychology (Xun et al., 2011; Xiao and Feng, 2005) ,uses two factors, font size and space, to analyze their influence on Chinese characters reading efficiency by experiment. This study uses reading speed and accuracy as evaluation indexes, and attempts to determine the optimal combination of font size and space which can increase the efficiency of reading single-line Chinese text, and the best visual angle of reading on a screen can be obtained at the same time. The conclusion can act as a basis for Chinese character format on similar electronic displays, so the reader will understand and grasp information more quickly and accurately.
EXPERIMENT

Experimental design
First, the value range of font size and space is confirmed. According to the stipulation of the smallest suitable size formula (1) in the manual of ergonomics design and application (Zhong, 2007) , the calculating minimum font size (h) is 3.064mm when the viewing distance (d) is 70cm. In light of the conversion formula (2) between character height and pound to calculate the minimum value of font size is 9 point. Then, the value setting of the Chinese character size is examined using Microsoft Word, 9 point size corresponding to five small words, 10.5 point size corresponding to five words, 12 point size corresponding to four small words, 14 point size corresponding to four words. Therefore, the values of font size are 9, 10.5,12 and 14 point size respectively. There is also a stipulated formula for the width of Chinese character(W) (3) and font space(s)(4),and 1, 2, 3, 4point size have been calculated as the range of font space. Using orthogonal experimental method to obtain simple and effective experimental combinations to reflect the results, C i (i=1, 2, 3,···16)is employed to stand for combinations. Table 1 shows all the combinations.
h=0.0022d+K1+K2
(1)
K1--Lighting and visual conditions correction factor, assigns 0.1524 in accordance with the provision.
K2--Importance factor, usually takes 0, important project 0.1905.Here takes0.
Defining reading efficiency calculation formula (Qing et al, 2014) ,
In formulas (5)(6)(7), η represents reading efficiency, v is reading speed, p is the accuracy of answering the questions, r is the text number, t is reading time, n is the number of questions correctly answered, N is the total number of questions. 
Participants
20 participants (10 females, 10 males) were tested. The mean age was 23, with a range from 20 to 25 years. Properties like subjective media experience, education, and subjective reading-skills were balanced in the selection of participants. Their vision or corrected visual acuity was normal and Chinese was their native language. None of the participants had taken the Modern Article Reading Comprehension Test of high school of grade 10, and they had not participated in similar experiments. They were required to ensure normal sleep on the night before the experiment in order to avoid fatigue appearing in the process of experiment. Participants gave written informed consent before participation and were told that they would be given a gift after experiment.
Apparatus and material
The single-line sentences were chosen to beat an approximate reading level and included similar questions, all dealing with theme related topics. Assigning a question for each sentence, the type of problem is a qualitative choice question with three options: 1, 2, 3. The sentences were also adjusted to have an approximate length of 30-35 words per sentence. The colours of fonts in all pages were black on a white background. Sentences in the reading material were selected from the Modern Article Reading Comprehension Test of high school grade 10. According to the different combinations of size and space to fit each sentence, a total of 16 sentences were conducted. For the sake of avoiding selectivity error by a single experiment, three groups of the same type of experiment were designed, which means the same font size and space combination of different single sentence would appear three times.
E-Prime2.0 software was used to record reading time and accuracy. There were two identical desktops, referred to as PC1 and PC2, with HP 21.5 inch LED screen, with a screen resolution of 1920*1080. PC1 played reading materials by PPT, and operated EPrime2.0 software. MAITUO MT-KM-104-U keyboard and mouse synchronizer were used to connect the two computers, so that the control and data records would be synchronized.
Workplace conditions
A constant room temperature was maintained at 28℃ in the laboratory. The displays were placed in the environment which had no disturbances of any external abnormal lighting source and no glare appeared on the screen. The displays were positioned on a table 75 cm in height and the distance from the front edge of the table to screen was 45 cm. The inclination angle in the vertical direction of the screen was 15°. Viewing distance was 70 cm and a fixed seat was used to ensure that all the experiments had the same reading distance. Furthermore, silence was maintained during the whole experiment process.
Task and procedure
The director of the experiment was requested to tell all the participants about the entire experimental procedures in detail one or two days before the experiment, including showing the experimental equipment to them so that they could be familiar with the experimental environment.
Each participant was asked to do three tests and each test needed to proceed with the following steps: (1) Experiment preparation. The experiment director first adjusted the reading posture and stadia of each participant after he or she entered the lab, then told them the experiment content and the problems that should pay attention to in the process of the experiment. (2) Independent test in a group. In order to avoid reading fatigue, 20 subjects were divided into 5 groups, each participant of each group took turns taking one test at a time, and the next set of experiments started only when all the four people in a group had finished. (3) There were a set of sentences for practice for the participants to be familiar with the experimental process and understand the instructions before the experiment started (data collection). Only then did the official experiment start. (4) Experimental equipment was opened, and instructions were presented as follows: "Welcome to the experiment! You will see a sentence on the screen, please read it one time conscientiously, press the space key to go to the next page to answer the question, and answer it through button 1, 2 or 3. Press the space key to begin." Each participant needed about 5 minutes to finish a set of experiments. (5) Experiment director saved data categorically after each participant completed the experiment. Figure  1 is a scene of the experiment.
Figure 1 Experimental scenario
Data analysis
The experimental results were conducted using Microsoft Excel and SPSS19.0. Figure 2 shows a portion of the raw data.
Figure 2 A portion of data records from E-Prime2.0
RESULTS
Normality test for empirical data
Each set of data was subject to normal distribution from the point of grouped data and the data also accorded with the normality test as a whole.
Homogeneity test of variances
F test first should be carried out before variance analysis, to inspect the significant difference of the populations which two independent samples belong to. Results showed that P values of reading speed and accuracy were greater than 0.05 in different font sizes and spaces, and with a combination of different sizes and spaces, P values of reading efficiency were greater than 0.05. Therefore, the variance was thought to be homogeneous, so variance analysis could be taken into consideration.
Reading speed
Variance analysis was carried out on the detection index according to the different impact factors. Table 2 shows the results of analysis of variance for reading speed. The effect of font size is significant (F=2.645, p<0.05). The effect of font space is not significant and neither is the interactional effect of font size and font space. The highest mean of reading speed affected by font size alone is 12 point and font space alone is 2 point (Table 2 ). Fig. 3 shows the fastest reading speed influenced by font size together with font space is 12 point size and 2 point space.
Meanwhile, reading speed did not increase as font size and space increased, indicating a better result when font size and is moderate. Scanning distance was increased and reading coherence was decreased because of the large font size and space. Identification of the effect of small font size and space was unclear. In brief, reading speed is slower when the font size and space are too large or too small Table 4 shows the results of variance analysis for accuracy of answers to questions. The effect of font size on accuracy was not significant. The effect of font space was significant (F=4.174, p<0.01) and the interactional effect of font size and font space was also significant (F=3.704, p<0.01). The highest mean of accuracy affected by font size alone was 12 point and font space alone was 1 point (Table 5 ). Fig. 4 shows the highest accuracy influenced by font size together with font space was 14 point size and 1 point space.
Table 5 also shows that accuracy increased as font size and space increased except for the largest size and space. The result is similar as the analysis of reading speed, showing that it is not helpful if the font size and space are too large. However, the larger font space increased the identification rate of single words, so the largest font space also improved accuracy. Table 6 shows the results of analysis of variance for reading efficiency. The effect of font size was significant (F=4.607, p<0.01) and the interactional effect of font size and font space was also significant (F=1.922, p<0.05), but the effect of font space on reading efficiency was not significant. The highest mean of reading efficiency affected by font size alone is 12 point and font space alone is 2 point (Table 7) . Fig. 5 shows the highest reading efficiency influenced by font size and font space together is also 12 point size and 2 point space. It shows that reading efficiency did not have a great difference with various font spaces when the font sizes were all 10.5 point. 
Efficiency analysis
Correlation analysis
A correlation analysis was conducted to see if there was a linear relationship between reading speed and accuracy which acted as two metric standards to evaluate reading efficiency. Table 8 shows that reading speed and accuracy have a positive correlation, which means the higher reading speed, the higher accuracy. The Pearson correlation is 0.177, and the correlation is significant (p = 0.002<0.01). 
DISCUSSION
The visual effects of Chinese characters depend on the size of the character, illumination level, the contrast between character and background, and the identification of character shape. A single character will create different retina images in different viewing distances, the size of characters is usually measured by the visual angle corresponding with character height (Zhong, 2007) .
Results of this study show that font size and font space can affect the visual effects of characters, thereby having an impact on reading efficiency. The reading speed and accuracy are both highest when the font size is 12 point when affected by font size only. If font space is the single factor, the fastest reading speed is 1 point space and the highest accuracy is 2 point space. When the effect is caused by font size and font space together, the combination of 12 point size and 2 point space results in the fastest reading speed. 14 point size and 1 point space has the highest accuracy, and the highest reading efficiency is 12 point size and 2 point space.
The variance analyses above show that font size did not has a significant effect on accuracy, and that 12 point size and 2 point space is thought to be the best combination to improve reading efficiency of Chinese single-line text on a computer screen when the viewing distance is fixed at 70 cm. At the same time, the results show that unclear identification of information will affect reading efficiency when the font size and space is too small. The results also show that oversized font size and space will increase sweeping distance and decrease reading coherence, neither could it improve reading efficiency. Fig. 6 shows three elements for recognizing characters. Character height should increase as viewing distance increased when the viewing angle is constant. The recommended viewing angle (α) is 18'~22' in ergonomics. When the font size is 12 point, 21' is the best viewing angle calculated through formula (8). This shows that, in the scope recommended before, the result of the experiment agrees with ergonomics classical theory, and further determines the best visual angle for reading Chinese single-line text on a screen. The best combination shows character height (h) is 12 point and font space (s) is 2 point, and thus determining that the number of character height is 6 times to that of font space: h≈6s. Derived from formula (8), formula (9) indicates the calculation formula of character height corresponding with different viewing distances when the visual angle is constant. 
CONCLUSIONS
This study has determined the optimal combination of font size and space which could effectively increase the efficiency of reading Chinese single-line text on a computer screen. It further has identified the best visual angle in a vertical direction. It has provided an effective basis for setting Chinese character format on similar electronic displays, so that readers can more easily understand and grasp the information fast and accurately. At the same time, the rationality of the results proved the feasibility of the experimental design. It can provide effective practical data fundamental for similar research in the future.
